Objective: The aims of this study were to investigate (1) platelet phospholipid (PL) polyunsaturated fatty acid (PUFA) composition in subjects who were the Melbourne Chinese migrants, compared with those who were the Melbourne Caucasians and (2) the relationship between platelet PL PUFA and intake of fish, meat and PUFA. Design: Cross-sectional comparison of the Melbourne Chinese and Caucasians. Setting: Free-living male subjects. Subjects: Ninety-seven Melbourne Chinese migrants and 78 Melbourne Caucasians who were recruited in Melbourne. Outcome measures: Dietary intake was assessed using a semi-quantitative food frequency questionnaire. The platelet PUFA was measured by gas -liquid chromatography. Results: The Melbourne Chinese had significantly higher proportions of platelet PL 20:5n-3 (P ¼ 0.006), 22:6n-3 (P < 0.0001), total n-3 (P ¼ 0.027) and 22:5n-6 (P ¼ 0.0002), and a significantly higher intake of fish (P ¼ 0.012) and white meat (P ¼ 0.0045) compared with the Melbourne Caucasians. In addition, the Melbourne Chinese had significantly lower proportions of 20:3n-6 (P ¼ 0.023), 20:4n-6 (P < 0.002), 22:4n-6 (P < 0.0001), total n-6 (P ¼ 0.037), 22:5n-3 (P < 0.0001) and ratio of n-6=n-3 (P ¼ 0.011), and a significantly lower intake of red and total meat (P < 0.0001) than the Melbourne Caucasians. Fish consumption was significantly positively correlated with platelet PL 20:5n-3 and 22:6n-3, and significantly negatively correlated with 22:5n-3 (P < 0.05). Meat consumption was significantly positively correlated with 22:5n-3 and significantly negatively correlated with 22:5n-6, 20:5n-3 and 22:6n-3 (P < 0.05). Dietary PUFA intake was significantly positively correlated with 20:3n-6, 22:4n-6 and 22:5n-3, and significantly negatively correlated with 22:5n-6, 20:5n-3 and 22:6n-3 (P < 0.05). Conclusions: Compared with Caucasians, the Melbourne Chinese had a significantly higher level of platelet PL n-3 PUFA, which might contribute to the low CVD mortality in this population. were significantly positively correlated with fish intake, and negatively significantly correlated with dietary intake of meat and PUFA, while 22:5n-3 was significantly positively correlated with dietary meat and PUFA intake, and significantly negatively correlated with fish intake. Dietary intake of PUFA and fish are potential confounding factors for assessing the effects of meat consumption on platelet PL individual PUFA. Dietary intake of PUFA and meat did not influence the incorporation of fish long chain n-3 PUFA to platelet PL in this study population.
Introduction
Diet is known to play a critical role in determining cardiovascular disease (CVD) risk factors (Willett, 1994; Kromhout et al, 1995; Key et al, 1996) . The ratio of n-6= n-3 polyunsaturated fatty acid (PUFA) in the diet and tissues is of increasing interest in the medical research literature. The ratio of n-6=n-3 is claimed to be too high in the current Western diet (Berner, 1993 ; UK Department of Health, 1997) . This dietary imbalance is known to cause an imbalance in the ratio of n-6 to n-3 PUFA (ie increased AA to EPA ratio) in tissue membranes, which may promote production of thromboxane A 2 (TXA 2 ), a potent platelet aggregation agent and vasoconstrictor, leading to increased thrombosis tendency (Dolecek, 1992) . Results from a previous cross-sectional study (Li et al, 1999) in men showed that ADP and collagen-stimulated ex vivo whole blood platelet aggregation was significantly increased with high platelet and plasma PL n-6=n-3 ratios.
Australia is a multicultural country. The traditional soybean -pork diet pattern of Chinese has being partially changed in the Chinese migrants; in particular the intake of red meat (lamb and beef) has increased, and carbohydrate and soy products decreased compared with Chinese population in China (Zhang, 1999) , which may cause a change in dietary fat composition. It is difficult to accurately estimate the dietary intake of individual fatty acids from a food frequency questionnaire (FFQ) or weighed food records since the database on the individual fatty acid content of foods, especially manufactured foods such as biscuits and pastries, is not available for all foods or is not up to date. There are no studies specifically comparing platelet PL fatty acid compositions between different ethnic groups in Australia. We hypothesized that Melbourne Chinese have a higher platelet PL n-3 PUFA levels which is associated with higher fish intake in this population compared with sex-and age-matched Caucasians. The aims of this study were (1) to compare platelet PL PUFA composition of healthy male Melbourne Chinese, and sexand age-matched Caucasians and (2) to investigate the correlation between platelet PL individual PUFA and dietary intake of fish, meat or PUFA.
Methods

Subjects
This project was approved by the Human Research Ethics Committee of Monash Medical Centre, Monash University, and all subjects gave written informed consent for participation in the study. Ninety-seven healthy Melbourne Chinese males aged between 25 and 55 y and 78 age-matched Caucasians were recruited through advertisements in Melbourne. All subjects were omnivores, which was defined as someone who ate meat at least five times a week. Subjects were asked to complete a semi-quantitative food frequency questionnaire (FFQ) (Fidanza et al, 1994) , and were given detailed instructions on how to complete this. The semiquantitative FFQ was designed with serving sizes to suit Chinese food practices (eg rice bowl rather than plate). They included conversion tables to allow the intake of most food items to be expressed in terms of rice bowl equivalents. Each completed semi-quantitative FFQ was checked by same research officer.
Dietary intake
The dietary intake data for each subject was assessed using the semi-quantitative FFQ and calculated using the Diet=1 Version 4 software (Xyris Software, Pty Ltd, Highgate Hill, QLD, Australia) with NUTTAB 95 database based on Composition of Foods, Australia (National food Authority, 1995) , and supplemented by a Chinese food composition table (Wang, 1991) .
Blood specimen collections
Subjects attended the Monash Medical Centre in the morning following an overnight fast. They were allowed to sit relaxed for 10 min, and then venous blood was taken into CTAD (citrate, theophylline, adenosine and dipyridamola) vacuum tubes with 21-gauge needles. After blood collection, the subject's weight, height and blood pressure were measured. Two CTAD tubes of whole blood were spun at 900 rpm for 10 min. Platelet-rich plasma (PRP) was removed and platelets were isolated from PRP using the method published by Castaldi and Smith (1980) .
Platelet phospholipid fatty acids
Total lipid of platelets was extracted with chloroform:methanol 1:1 (C:M, v=v) as reported previously . The platelet phospholipid (PL) fraction was separated by thin-layer chromatography. The methyl esters of the fatty acids of the platelet PL fraction was prepared by saponification using KOH (0.68 mol=l in methanol) followed by transesterification with 14% boron trifluoride (BF 3 ) in methanol . The fatty acid compositions of platelet PL was determined by gas -liquid chromatography as described previously .
Statistical analyses
The data analyses were performed using a STATVIEW software program (Abacus Concepts Inc. Berkeley, CA, USA). A Mann -Whitney U-test was performed to determine differences in dietary intake and platelet phospholipid fatty acid measurements between the Melbourne Chinese and Caucasians. Bivariate analysis was initially used to assess the relationship between platelet PL composition of individual PUFA and intake of fish, meat or PUFA (Cushman et al, 1996) . In the multivariate linear regression analysis, platelet PL composition of individual PUFA was used as a dependent variable, and dietary intake of fish, meat and PUFA were used as independent variables. The values were reported as mean AE s.d. in all the results tables. P-values were two tailed and P < 0.05 was considered as significant.
Results
The mean age and BMI were significantly different between two populations. The mean age (range) was 44.8 y (26 -55) for the Melbourne Chinese group, and 37.4 y (21 -55) for the Melbourne Caucasian group (P < 0.0001). The mean body mass index (BMI) (range) was 24 (17.3 -32.2) for the Melbourne Chinese and 26.5 (19.9 -36.6) for the Melbourne Caucasians (P < 0.0001). Table 1 reports the dietary intake data of the two habitual dietary groups. Mean energy intake was significantly higher in the Melbourne Caucasians than in the Chinese. Total fat and alcohol intake as percentage of energy, saturated fat intake as percentage of total fat were significantly higher in the Melbourne Caucasians than in the Chinese, while carbohydrate intake as percentage of energy and monounsaturated fat intake as percentage of total fat were significantly higher in the Melbourne Chinese compared with the Melbourne Caucasians. The Melbourne Chinese had significantly lower cholesterol (mg=day) and fibre (g=day) intake compared with the Melbourne Caucasians.
The Melbourne Caucasians had significantly lower fish and white meat (poultry and pork) intakes than the Melbourne Chinese. Compared with the Melbourne Chinese, the Melbourne Caucasians had significantly higher red meat (beef and lamb) and total meat consumption ( Table 2 ).
The Melbourne Chinese had significantly higher proportion of platelet PL EPA (20:5n-3), DHA (22:6n-3), total n-3, 22:5n-6, 18:1n-9, 18:1n-7 and total monounsaturated fatty acids (MUFA) compared with the Melbourne Caucasians. Compared with the Melbourne Chinese, the Melbourne Caucasians had a significantly higher proportion of platelet PL total saturated fatty acid (SFA), 18:0, 20:3n-6, 20:4n-6, 22:4n-6, total n-6, 22:5n-3 and ratio of n-6=n-3 compared with the Melbourne Chinese (Table 3 ).
Bivariate analysis results shows that fish intake (g=day) was significantly positively correlated with platelet PL 20:5n-3 and 22:6n-3, and significantly negatively correlated with 22:5n-3. Meat consumption (g=day) was significantly positively correlated with 22:5n-3 and significantly negatively correlated with 22:5n-6, 20:5n-3 and 22:6n-3. Dietary PUFA (g=day) was significantly positively correlated with 20:3n-6, 22:4n-6 and 22:5n-3, and significantly negatively correlated with 22:5n-6, 20:5n-3 and 22:6n-3 (Table  4 ). The ratio of 22:6n-3=22:5n-3 in platelet PL was strongly positively correlated with dietary fish intake, and strongly negatively correlated with dietary intake of meat and PUFA, respectively (Figure 1 A -C) . Table 5 reports the results of multiple linear regressions. Consumption of fish (g=day) was significantly positively correlated with platelet PL 20:5n-3, 22:6n-3 and ratio of 22:6n-3=22:5n-3, and significantly negatively correlated with platelet PL 22:5n-3. Dietary PUFA intake (g=day) was significantly positively correlated with 20:3n-6, 22:4n- Ethnic difference on platelet PL fatty acid profiles D Li et al 6 and 22:5n-3, and significantly negatively correlated with 22:5n-6, 20:5n-3, 22:6n-3 and ratio of 22:6n-3=22:5n-3.
Discussion
Diets have long been recognized to play a critical role in the etiology of CVD (Kushi et al, 1985; Key et al, 1996; Zunft et al, 1999) . Increased n-3 polyunsaturated fatty acid (PUFA) in the tissues is associated with decreased risk of cardiovascular disease (Kinsella et al, 1990; Dolecek, 1992; Kris-Etherton & Dietschy, 1997) . The aim of this study was to investigate platelet phospholipid fatty acid profiles and dietary intake in healthy male Melbourne Chinese migrants who have being residing in Australia for more than 10 y compared with sex=age-matched Melbourne Caucasian counterparts. We hypothesized that high fish and low meat intake of Melbourne Chinese migrants would have a high levels of n-3 and a low of n-6=n-3 ratio in platelet PL that is associated with high fish intake in this population. It is difficult to accurately estimate the dietary intake of individual fatty acids from a food frequency questionnaire (FFQ) or weighed food records since the database on the individual fatty acid content of all foods, especially manufactured foods such as biscuits and pastries, is not available for all foods or is not up-to-date. As a result of this difficulty, analysis of adipose tissue (Garland et al, 1998; Lemaitre et al, 1998) or platelet=plasma lipid (Hunter, 1990 ; Zock et al, 1997) fatty acids has been used as a marker of quality of the dietary fat intake; however, the former is an invasive technique. The plasma=serum lipid fatty acid profiles may be influenced by diet in the shortterm (Sinclair & Mann, 1996) , whereas a relatively longer period of time is required for the diet to influence the platelet PL fatty acid compositions (Riboli et al, 1987) .
In the present study, the composition of platelet PL total SFA reflected dietary intake assessed by a semi-FFQ, with the Melbourne Caucasians having a significantly higher SFA compared with the Melbourne Chinese migrants. Compared with the Melbourne Chinese migrants, the significantly higher proportion of platelet PL stearic acid in Ethnic difference on platelet PL fatty acid profiles D Li et al the Melbourne Caucasians may reflect those who have a high red meat intake, since red meat is the main dietary source of stearic acid in Australia (National Heart Foundation of Australia, 1994). Twenty-and 22-carbon long-chain PUFA can be either directly obtained from the diet or by in vivo biosynthesis from the parent fatty acids 18:2n-6 and 18:3n-3 by desaturation and elongation (Chan et al, 1993; Mantzioris et al, 1994) . Fish and fish oil are the main sources of dietary 20-and 22-carbon omega-3 PUFA, especially high in EPA and DHA. However, the variation of the omega-3 PUFA content is substantial between different species of fish . The in vivo conversion of 18:3n-3 to EPA and DHA is not as effective in increasing platelet levels as is direct intake of EPA and DHA from fish or fish oil supplementation (Sanders & Roshanai, 1983) . On the other hand, the 20-and 22-carbon omega-6 PUFA, especially AA, are mainly found in animal offal, egg yolk and meat (Mann et al, 1995) . In the present study, compared with the Melbourne Caucasians, the Melbourne Chinese migrants had a significantly higher proportion of platelet PL 20:5n-3 and 22:6n-3, which was associated with higher fish intake in this population. The high AA proportion of platelet PL in the Melbourne Caucasians was associated with higher meat consumption compared with the Melbourne Chinese migrants.
It has been claimed that fish consumption has a protective effect on CVD, due to high levels of eicosapentaenoic Atlantic (fresh, n ¼ 10) (Sinclair et al, 1992) Red (canned, n ¼ 2) Li et al (1998) (n ¼ 3) Ethnic difference on platelet PL fatty acid profiles D Li et al acid (EPA, and docosahexaenoic acid (DHA, in fish (Goodnight, 1990) . Dietary intervention studies show that EPA and DHA in fish=fish oil can be effectively incorporated into platelets in humans (Vidgren et al, 1997; Nelson et al, 1997; Vognild et al, 1998) .
Results from a previous cross-sectional study showed that increased platelet PL n-3 PUFA was negatively associated with ADP and collagen-stimulated ex vivo platelet aggregation (Li et al, 1999 ) through a number of mechanisms. For example, there would be increased preference for EPA to occupy the sn-2 position of platelet membrane PL (Goodnight et al, 1981) . There would be increased competition with AA as a substrate for cyclo-oxygenase (Fisher & Weber, 1985) . Also EPA competitively binds to cyclooxygenase excluding AA from the active site (Corey et al, 1983) . Both EPA and DHA interfere with the binding of TXA 2 to its platelet receptor (Swann et al, 1989) . The DHA lipoxygenase product, 11-dehydroxy-DHA, binds to TXA 2 receptor sites inhibiting aggregation and smooth mussel cell contraction (Croset et al, 1988) . Platelet PL n-3 PUFA modulate membrane order (fluidity, Litman & Mitchell, 1996) . Young (1992) reported that the Chinese Australian migrants have a very lower CVD mortality compared with native-born Australians. The habitual dietary intake of the Chinese Australian migrants may be partially contributing to the low CVD mortality, through higher intake of n-3 PUFA and vegetables, lower total saturated fat and n-6 PUFA in the Chinese Australian migrants compared with the Melbourne Caucasians.
In the present study, correlation between consumption of fish and meat and composition of platelet DHA, DPA and ratio of DHA to DPA suggests that fish intake increases platelet DHA and decreases DPA, while meat intake has a reverse effect on these fatty acids. This is perhaps not surprising since the predominant n-3 PUFA for fish is DHA while it is DPA for meat  Table 6 ). It was surprising that there was no significant correlation between platelet PL AA and dietary consumption of fish or meat or PUFA. This suggests that platelet PL AA can be effectively synthesized and regulated by human beings to meet physiological needs, independent of diet sources of eaten linoleic or arachidonic acids.
In order to investigate the effect of the dietary intake of fish, meat and PUFA on platelet PL individual PUFA, and the relationship between dietary fish, meat and PUFA intake, multiple linear regression analyses were performed with individual PUFA in platelet PL as the dependent variable, and dietary fish, meat and PUFA intake as the independent variables (Table 5 ). The bivariate significant correlations between fish consumption and platelet PL 20:5n-3, 22:5n-3 and 22:6n-3 were either not changed or showed little change in multiple linear regression. In contrast to fish, the bivariate significant correlations between meat consumption and platelet PL 22:5n-6, 20:5n-3, 22:5n-3 and 22:6n-3 disappeared in multiple linear regression. These results indicate that incorporation of long chain n-3 PUFA 20:5n-3 and 22:6n-3 from fish to platelet PL is not or very little influenced by dietary intake of meat and PUFA, and that dietary intake of fish and PUFA are potential confounding factors for assessing the effects of meat consumption on platelet PL individual PUFA. However, a dietary intervention study reported that incorporation of 20:5n-3 from fish can be altered by the dietary PUFA intake (Cleland et al, 1992) .
In conclusion, compared with Melbourne Caucasians, the Melbourne Chinese had a significantly higher level of platelet PL total n-3 PUFA, EPA and DHA, which may partially contribute to the low CVD mortality in this population. Platelet PL 20:5n-3 and 22:6n-3 were significantly positively correlated with fish intake, and negatively significantly correlated with dietary intake of meat and PUFA, while 22:5n-3 was significantly positively correlated with dietary meat and PUFA intake, and significantly negatively correlated with fish intake. Dietary intake of PUFA and fish are potential confounding factors for assessing the effects of meat consumption on platelet PL individual PUFA. Dietary intake of PUFA and meat do not influence the incorporation of fish long chain n-3 PUFA to platelet PL in this study population.
